The presence of Ca2+ (concentration, ca. 0.4 mM) in the growth medium causes cells of Desulfovibrio vulgaris (Hildenborough) to aggregate, leading to a decrease in plating efficiency. When the Ca2+ concentration in the medium was reduced 20-fold, cell aggregation did not occur and the plating efficiency increased from an initial value of 34% to a final value of 56%.
Sulfate-reducing bacteria are a ubiquitous group of microorganisms which share an ability to couple the reduction of sulfate to the oxidation of a variety of electron donors (4) . Despite this common metabolic feature, these organisms are exceedingly diversified from both morphological and biochemical perspectives (1, 3, 6, 7) . One approach to understanding the biochemical nature of these organisms is to develop mutants with genetic blocks. Before this is possible, however, it is necessary to be able to grow the organism on solid medium with a high plating efficiency. There is, however, little information in the literature regarding the efficiency of growth of the sulfate-reducing bacteria on solid media. Traditionally, they have been grown in liquid culture, roll tubes, or "deep-agar tubes" (4) . None of these techniques is conducive to ease of genetic manipulation.
Organism and growth conditions. Desulfovibrio vulgaris Hildenborough was obtained originally from the National Collection of Industrial and Marine Bacteria (NCIMB number 8303). The organism was maintained in the laboratory in either a modification of Baar's Medium (4, 5) or Medium C (2) .
The experiments reported here were performed by using a modification of Medium C (2) Table 1 show that cells aggregated only at the higher calcium concentration. These data confirm and explain the previous observations of Pankhurst (2) .
The cause of cell aggregation by Ca2+ is not readily apparent. A possible explanation is that the presence of calcium in the medium produces a microprecipitate to which the cells adhere. To test this hypothesis, cells were grown in high-calcium medium which had been passed through a 0.45-,um-pore-size filter after autoclaving. Cells aggregated to the same extent in this medium as they did in the unfiltered medium. The conclusion is that if calcium precipitates are involved in the aggregation phenomenon, the particles must be smaller than 0.45 ,um in size. Postgate's observation (see above) that transferring cells into a medium with a high Ca2+ concentration leads to rapid aggregation suggests that the effect may involve the interaction of Ca2+ with structures on the surfaces of cells rather than some sort of metabolic effect related to growth.
Effect of calcium on plating efficiency. Since viable counting is based on the assumption that each colony arises from a single cell, these cell aggregates could seriously perturb plating efficiency. Cell aggregation also complicates attempts to isolate mutant organisms, since colonies can develop from aggregates of mutant and wild-type organisms.
To demonstrate that growth in low-calcium medium does in fact facilitate viable counting and isolation of single cell lines, cells growing in standard medium (high Ca concentration) were transferred to a medium in which the calcium concentration was reduced by 95%. After 24 h (late log phase), 5-ml aliquots (approximately 3 x 108 cells per ml) from this culture were used to inoculate 100 ml of high-and low-calcium medium. Three replicate cultures were prepared for each medium. Direct counts and viable counts (pour plates) were made after 24 h (late log phase) and 44 h (stationary phase) of incubation. Plates were incubated at room temperature (ca. 25°C) in the glove box for 6 days before a final count of colonies was made.
Our expectation that viable counts of cultures with reduced levels of Ca2+ would be greater than those of cultures with standard levels of Ca2+ was confirmed, as shown by the data in Table 2 and the statistical summary shown in Table 3 .
The plating efficiency of cultures growing in low-calcium medium is significantly greater than the plating efficiency of cultures in high-calcium medium at both 24 and 44 h. The difference in plating efficiency is due in greatest part to an increased number of CFU in low-calcium medium rather than to an inhibition of growth by calcium, because the difference in direct counts is slight although statistically significant at 24 h (Table 3) . We attribute the difference in direct counts at 24 h to slower diffusion of nutrients into cell aggregates. Plating efficiency may be correlated with a particular stage in the growth cycle. This hypothesis is supported by the observation ( Table 2 ) that plating efficiency increased markedly for older cultures growing in medium with reduced levels of calcium. The ratio of plating efficiencies of cultures growing in low-calcium medium relative to those growing in high-calcium medium is almost twice as great at 44 h as at 24 h. We are presently investigating the cause of this difference.
